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Insight into the molecular mechanisms that direct cell
motility has benefited from innovations in targeted cell
labeling and the ability to resolve intracellular dynamics with
live cell imaging. Advances in culture and imaging techniques
now permit questions about cellular and molecular events to
be posed within the intact embryo, but typically use a single
color. Here, we report the delivery of multiple (up to 4),
multicolor fluorescent protein (FP) constructs and 4D,
multispectral time-lapse confocal imaging of cell movements
in living chick embryos. Cell cytoskeletal components are
fluorescently tagged after microinjection and electroporation
of a cocktail of FP constructs into specific regions of chick
embryos. We present the results of testing various 2, 3, and 4
color combinations using multispectral imaging and linear
unmixing and develop a set of advantageous optical para-
meters for 4D imaging. We show that the number of
multicolor-labeled cells in a typical chick embryo decreases
as the number of FPs per cell increases. We present an
example of monitoring multiple cytoskeletal dynamics in vivo
in a highly migratory population of cells called the neural
crest. We suggest this technique offers a powerful tool to
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The patterning of neural crest cell migratory streams
during development is an accessible and powerful system
for studying invasive cell migration in the embryo. Advanced
imaging techniques now permit questions about cellular and
molecular events to be posed within the intact chick embryo.
Here, we investigated the in vivo role of a potential neural
crest cell guidance factor, neuropilin-1, and challenged
environmental cues thought to sculpt cells into stereotypical
cranial neural crest cell migratory streams. Time lapse
confocal imaging revealed that small subpopulations of
transplanted DiI labeled rhombomere 4 neural crest cells
migrated in highly directed, narrow streams towards the
second branchial arch. When neuropilin-1 function was
knocked down in ovo, neural crest cells accurately sorted
into discrete migratory streams shortly after emerging from
the neural tube. However, neuropilin-1 siRNA transfected
cranial neural crest cells failed to completely invade the
branchial arches, most strikingly the 2nd branchial arch. Co-
labeling of neuropilin-1 siRNA with DiI, combined with time-
lapse confocal imaging revealed that untransfected neural
crest cells migrated around stopped neuropilin-1 siRNA
transfected cells, and appropriately invaded the branchial
arches. We suggest that multiple, distinct mechanisms shape
the cranial neural crest cell migratory streams and neuropilin-




Cranial neural crest migration from the posterior
hindbrain and the role of Ephrin-A5
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In the posterior hindbrain of the avian embryo, cranial
neural crest cells first form a contiguous field of cells that then
segregate between branchial arches 3 (BA3) and BA4. This is
similar to what occurs in Xenopus, where cranial crest cells
first migrate as a wave and then segregate to different arches, a
process which involves ephrin/Eph signaling. By labeling the
premigratory neural crest cells with a GFP construct and
conducting time-lapse confocal microscopy, we are able to
monitor changes in cell behavior and migration in real time
within an intact embryo. Here, we investigate the role of
ephrin-A5 in the migration of avian neural crest cells that
populate BA3 and BA4. We find that when we misexpress
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